We have determined the methylation frequencies of 24 CpG islands of genes associated with DNA damage responses or with ovarian cancer in 106 stage III/IV epithelial ovarian tumors. We have analyzed this data for whether there is evidence of a CpG island methylator phenotype or associations of CpG island methylation with response to chemotherapy in advanced ovarian cancer. Frequent methylation was observed for OPCML, DCR1, RASSF1A, HIC1, BRCA1, and MINT25 (33.3%, 30.7%, 26.4%, 17.3%, 12.3%, and 12.0%, respectively), whereas no methylation was observed for APAF-1, DAPK, FANCF, FAS, P14, P21, P73, SOCS-3, and SURVIVIN. The remaining genes showed only a low frequency of methylation, <10%. Unsupervised gene shaving identified a nonrandom pattern of methylation for OPCML, DCR1, RASSF1A, MINT25, HIC1, and SFRP1, supporting the concept of concordant methylation of these genes in ovarian cancer. Methylation of at least one of the group of genes involved in DNA repair/drug detoxification (BRCA1, GSTP1, and MGMT) was associated with improved response to chemotherapy (P = 0.013). We have examined the frequency of a polymorphism in the DNA methyltransferase gene DNMT3b6, which has been previously reported to affect gene transcription and cancer risk. The genetic polymorphism in the DNMT3b6 gene promoter (at position À149) is not significantly associated with the concordant methylation observed, but is weakly associated with the overall frequency of methylation at the genes examined (P = 0.04, n = 56). This supports the hypothesis that genetic factors affecting function of DNMT genes may underlie the propensity of tumors to acquire aberrant CpG island methylation. (Cancer Res 2005; 65(19): 8961-7) 
Introduction
Hypermethylation of CpG islands located within or close to the 5V region of genes is associated with transcriptional repression of these genes (1) . Aberrant methylation of multiple CpG islands is a frequent event in epithelial ovarian cancer compared with normal ovarian surface epithelium (2) . CpG island hypermethylation of genes such as BRCA1, RASSF1A, and OPCML, among others, is a relatively early event in ovarian tumorigenesis (3, 4) . Clusters of CpG islands become comethylated in cancers, including late-stage ovarian cancer, suggesting the existence of groups of genes defining particular CpG island methylator phenotypes of ovarian cancer that are independent of histologic type (5, 6) . However, the concept of tumors having a CpG island methylator phenotype has recently been questioned (7, 8) . To further elucidate the role of CpG island methylation in ovarian cancer, we have determined the methylation frequencies of 24 CpG islands (APAF-1, BLU, BRCA1, CASP8, DAPK, DCR1, FANCF, FAS, GSTP1, HIC1, MGMT, MINT25, MLH1, OPCML, P14, P16, P21, P73, PTEN, RASSF1A, SFRP1, SOCS-3, SURVIVIN, and TMS1) in 106 stage III/IV epithelial ovarian tumors.
To address whether a CpG island methylator phenotype may exist in a subset of ovarian tumors, unsupervised gene shaving (9) was used to identify coherent patterns of methylation that separate the samples into subgroups. The primary aim of this approach was to investigate the coherence of gene methylation and identify patterns of methylation that are nonrandom in this group of late-stage ovarian tumors. As a secondary question, we investigated if the pattern represented an underlying process which was independent of age, histologic subtype, or clinical outcome.
Many of the genes we have examined are involved in DNA damage responses such as cell cycle control, apoptosis, and DNA repair (see Table 1 ). Because such DNA response pathways have been shown in experimental models to be associated with resistance or sensitivity to DNA damaging agents, absence of specific proteins due to methylation-associated transcriptional silencing may affect response of tumors to chemotherapy (10) . Disruption of any constituent of a given DNA damage response pathway has the potential to affect the functioning of that cellular response; therefore, we examined potential associations of methylation with response to chemotherapy using gene groupings based on known gene function. As a separate analysis, we applied partially supervised gene shaving (9) to try and identify a pattern of methylation that correlated with response.
DNA methylation involves the enzymatic addition of a methyl group to the carbon-5 position of cytosine in DNA at CpG dinucleotides (11) . DNMT1 is believed to function primarily to maintain the DNA methylation pattern following the synthesis of new DNA during cell division, as it exhibits much higher activity on hemimethylated DNA than on unmethylated DNA (12) . DNMT3a and 3b show no preference for hemimethylated DNA and, based on inactivation of the DNMT3a and 3b genes in mice, they are believed to function principally as de novo methyltransferases (13) . Mutations in DNMT3b can give rise to the recessive autosomal disorder ICF syndrome, which has abnormalities in methylation including hypomethylation of CpG islands (14) . DNMT3b exists in multiple isoforms depending either on promoter usage or splice variants. A À149 C>T polymorphism in the promoter of the DNMT3b6 isoform has been previously associated with increased risk of lung cancer and poor overall survival of head and neck squamous cell carcinoma (15) (16) (17) . Trancriptional activity at the DNMT3b6 gene has been suggested to be reduced due to the thymidine mutation at this site (15) (16) (17) . We have examined whether the À149 C>T polymorphism in the promoter of the DNMT3b6 gene (15, 16) correlates with methylation status in these late-stage ovarian tumors.
Materials and Methods
Patient samples. Biopsies from 106 stage III/IV ovarian surface epithelial tumors were collected after surgical removal at presentation before chemotherapy. Ethical approval for all samples collected was obtained and samples were collected according to Medical Research Council operational and ethical guidelines on ''Human tissue and biological samples for use in research.'' All samples were stored frozen at À70jC. Pathology reports, including histologic subtype and grade, were obtained where possible. Response to therapy, defined by lesion size, was obtained from the patient's case notes in a retrospective manner. This was done in an anonymized fashion by data managers from the Beatson Oncology Centre and Stobhill Hospital (Glasgow), who were blind to methylation status. Response was defined by Modified Southwest Oncology Group criteria as previously described (18) . Response to chemotherapy was measured in all patients that had evaluable disease (i.e., had detectable disease following cytoreductive surgery before chemotherapy). No significant differences in proportions of patients with gene methylation were observed between patients with evaluable and nonevaluable disease (data not shown). All patients were treated with either cisplatin or carboplatin and the majority were also treated with a taxoid (69%).
Methylation-specific PCR. Genomic DNA was extracted for methylation analysis as previously described (19) . In vitro methylated DNA (Intergen, Oxford, United Kingdom), DNA from male whole blood (Promega, Southampton, United Kingdom), and DNA from normal and immortalized ovarian surface epithelium (kindly provided by Dr. T. Huang, Ohio State University, Columbus, OH) were used as controls. One microgram of genomic DNA was modified with sodium bisulfite using the CpGenome DNA Modification Kit (Intergen) according to the specifications of the manufacturer. After modification, the DNA was eluted into 40 AL Tris-EDTA. Methylation-specific PCR (MSP) was done in a total volume of 25 AL, containing 1 AL modified template DNA, 150 ng of each primer (TAGN, Gateshead, United Kingdom), 0.2 mmol/L deoxynucleotide triphosphates (Applied Biosystems, Warrington, United Kingdom), and 1 unit FastStart Taq (Roche Diagnostics, Lewes, United Kingdom). MSP reactions were subjected to initial incubation at 95jC for 5 minutes, followed by 35 cycles of 95jC for 30 seconds, and annealing at the appropriate temperature for 30 seconds and 72jC for 30 seconds. Final extension was done by incubation at 72jC for 5 minutes. Primer sequences and MSP conditions are detailed in methPrimerDB (http://medgen.ugent.be/ methprimerdb/index.php). MSP products were separated on 2% agarose gels and visualized after ethidium bromide staining.
Although MSP is a sensitive and widely used assay for the analysis of methylation patterns in tumors, care has to be taken to minimize falsepositive and false-negative PCR products (20) . No PCR product using methylation-specific primers, and hence no evidence of methylation of these CpG islands, was observed for normal or immortalized ovarian surface epithelial cells or DNA extracted from peripheral blood. In all cases, MSP gave a product using in vitro methylated DNA. To avoid confounding effects of low levels of unmodified DNA, the number of cycles of PCR used did not exceed 35 cycles; for subsequent analysis, we have disregarded very low intensity signals. All MSP data have been done on at least two independent modifications of DNA. We have not scored any signal that was weaker than the signal obtained with a 1:10 dilution of in vitro methylated DNA into normal unmethylated peripheral blood DNA or any signal that was not detectable in repeated experiments. False-positive MSP results can be obtained if the bisulfite modification is not complete (20) . To verify successful bisulfite modification of the DNA, a sequence that contains cytosines was amplified after bisulfite modification with primers that will only give an amplified product if the cytosines in the template sequence have been successfully converted to uracils. For this purpose, a region of the CALPONIN promoter region was amplified with every modified DNA sample. Samples that did not give a band of similar intensity were considered unmodified or incompletely modified and the modification reaction was repeated for those samples. In addition, the methylation status of CpG islands that frequently gave positive MSP results was confirmed by COBRA, and there was >90% concordance between the MSP and COBRA results.
Combined bisulfite restriction analysis. Combined bisulfite restriction analysis (COBRA; ref. 21 ) of BRCA1, HIC1, MLH1, OPCML, RASSF1A, SFRP1, and TMS1 was done by amplifying bisulfite-modified promoter regions with primers that do not discriminate between methylation states. Methylation levels were assessed by subsequent restriction digest of the amplified products. Primers, amplification conditions, and restriction enzymes used are detailed in methPrimerDB (http://medgen.ugent.be/methprimerdb/ index.php).
Statistical and bioinformatic analysis. For 70 of the 106 late-stage ovarian cancer samples, clinical data on response to chemotherapy were available. Genes were grouped according to their biological role in certain pathways involved in cancer because we hypothesized that disruption of any constituent of the pathway has the potential to affect the functioning of that cellular response. Grouping genes into predefined groups also reduces problems of multiple analyses. A group of genes was considered methylated if at least one gene within that group was methylated. Response was defined as complete or partial clinical response. Correlation between methylation and response was assessed by the m 2 test unless the smallest expected value is <5-then Fisher exact test was used. Correlation between methylation and DNMT3b6 polymorphism status was analyzed by the Mann-Whitney test. Statistical analyses were done with SPSS 11.0.
To investigate patterns of coherent methylation, unsupervised gene shaving was applied to 106 stage III/IV samples and 23 genes; modifications from the original algorithm were used for cluster selection. SOCS-3 was removed from the analysis. Three tumor samples were excluded as <50% of the markers were analyzed; all other genes had no more than 30% data missing. Missing values were imputed using the K nearest neighbor algorithm (9, 22) .
To investigate patterns of concordant methylation that correlate with response to chemotherapy, partially supervised gene shaving was applied to 70 stage III/IV samples, for which response information was available, and 23 genes. The level of supervision was selected as a compromise between good correlation of the pattern score with the difference in means in the two response categories and maintaining a high percentage of variance explained by the cluster (a = 0.6). The same modified procedures as for unsupervised gene shaving were applied.
Modifications to gene shaving. We used a cluster quality score (R 2 ) from the gap statistical calculation (9) to identify clusters of better quality than could have been achieved by chance. A large value of R 2 reflects a pattern of coherence between genes but which differs across samples. If the R 2 score is outside the upper confidence interval of the 97.5% quantile of the randomized data R 2 score distribution (200 permutations), the pattern was unlikely to have occurred by chance. The confidence limits were estimated by bootstrapping (300 replications). We also calculated the variance explained by the gene shaving pattern score with respect to full Principal Components Analysis. To test associations of the pattern with response to chemotherapy, histology, and DNMT3b6 polymorphism, the pattern score (in this case representing the frequency of gene methylation) was used in logistic regression; correlation between methylation patterns and age was assessed by linear regression.
As a subsequent question, we asked if methylation of any gene in the pattern was associated with response based on the premise that methylation of any one gene in the pattern means the patient has a methylator phenotype.
To test this methylator phenotype association with chemotherapy, histology, age, and DNMT3b6 polymorphism, the m 2 test was used. Gene shaving was done in R v2.0.0 (23). Original gene shaving code was developed by Kim-Anh Do and Sijin Wen (http://lib.stat.cmu.edu).
DNMT3b6 polymorphism analysis. Genotyping for DNMT3b6 À149 C>T was carried out using DNA from 58 stage III/IV ovarian tumors, for which appropriate ethical permission was granted, using PCR and pyrosequencing. PCR was done with primers designed using Primer Express version 2.0 (ABI, Foster City, CA), forward 5V -AGTTGTCCTGAAGCTGGCTACCA-3V and reverse 5V -Biotin-GTTCGGACCTAGAAGCAAGAGAGG-3V , at 58jC annealing temperature. The pyrosequencing primer, 5V -CCCCGCCAGACCC-3V , was designed using pyrosequencing SNP Primer Design Version 1.01 software (http://techsupport.pyrosequencing.com). Pyrosequencing was carried out using the pyrosequencing PSQ hs96A instrument and software (Biotage, Uppsala, Sweden), as previously described (24) . Hardy-Weinberg equilibrium was determined using HWsim (http://info.med.yale.edu/genetics/kkidd/ programs.html).
Results
CpG island methylation in epithelial ovarian tumors. We have analyzed CpG island methylation in epithelial ovarian tumor DNA using MSP (25) , and confirmed positive MSP results for genes that were frequently methylated by COBRA (21) . Primers for MSP were designed to detect methylated sequences and chosen based on previous studies correlating methylation of these regions of the CpG island with transcriptional silencing (Table 1) . We analyzed the methylation status of the CpG islands associated with the promoter/ first exon of 24 genes (APAF-1, BLU, BRCA1, CASP8, DAPK, FANCF, FAS, GSTP1, MGMT, MLH1, P14, P16, P21, P73, RASSF1A, SOCS-3, DCR1, HIC1, MINT25, OPCML, PTEN, SFRP1, TMS1, and SURVIVIN) in 106 stage III/IV ovarian epithelial tumors that were taken at presentation before chemotherapy (see Table 1 ). These include genes that are involved in cellular responses to DNA damage, such as genes involved in DNA repair (BRCA1, FANCF, GSTPI, and MGMT), regulators of proliferation (P16, P21, PTEN, SFRP1, and SOCS-3), regulators of apoptosis (APAF-1, CASP8, DAPK, DCR1, FAS, MLH1, P14, P73, RASSF1A, SURVIVIN, and TMS1), and genes that can become methylated in ovarian cancer (HIC1, MINT25, and OPCML). The results are summarized in Table 1 and examples of MSP shown in Fig. 1 . As described in Materials and Methods, we have used stringent criteria for scoring a sample positive and have disregarded low levels of methylation (MSP signals <1:10 dilution of in vitro To examine concordant methylation in the current study, we have used a bioinformatics approach, gene shaving (26) . Pattern 1 ( Fig. 2A) was identified, which has a cluster score (R 2 ) of 0.34 and accounts for 87.1% of the Principal Component Analysis (PCA) solution. The derivation of pattern 1 is unlikely to have occurred by chance as shown by the distribution of the cluster quality R 2 statistic for 200 permutations (Fig. 2B) . Pattern identification ceased here as the next pattern only accounted for a small proportion of the full PCA solution (<3%). Pattern 1 shows concordant positive methylation between genes and is mostly comprised of frequently methylated genes OPCML1, DCR1, RASSF1A, MINT25, and HIC1, and also SFRP1, which shows less methylation. No CpG islands were identified in the pattern to have negative concordance, which the gene shaving approach would have identified if present. One frequently methylated gene which is notable in its absence from this pattern is BRCA1, suggesting methylation of this gene may occur via a different underlying process or biological selection, consistent with previous observation using a different analysis on a different group of stage III/IV ovarian tumors (5). The methylation pattern from unsupervised gene shaving was independent of age (P = 0.239, n = 100) and histologic subtype (P = 0.247, n = 80). The clinical characteristics of the patients that are methylated at any one of the genes showing concordant methylation compared with those showing no methylation at any of these genes are shown in Table 2 .
Correlation with response to chemotherapy. Because the majority of the genes examined have been associated in experimental models with cellular sensitivity to DNA damage (10), we examined if methylation patterns correlate with response to chemotherapy. All of the patients have been treated with platinum-based chemotherapy (cisplatin or carboplatin) and the majority with a taxoid (69%). Only a subgroup of patients were evaluable for response and, for the purpose of analysis, complete and partial clinical response have been combined and compared with stable and progressive disease. The CpG islands were grouped according to the function of the corresponding gene or according to the unsupervised clusters identified above and examined for associations with clinical response to chemotherapy. For the grouping based on function, a group was considered methylated if at least one of its members was methylated. Methylation of any one of the 24 CpG islands examined compared with no gene methylated did not associate with response in those patients that were evaluable (P = 0.51, n = 64). Methylation of the group of genes involved in regulation of apoptosis (APAF-1, CASP8, DAPK, DCR1, FAS, MLH1, P14, P73, RASSF1A, SURVIVIN, and TMS1) was not significantly associated with response to chemotherapy in those patients that were evaluable (P = 0.74). Likewise, methylation of the groups of genes involved in cell cycle control and proliferation (P16, P21, PTEN, SFRP1, and SOCS-3) did not significantly correlate with response (P = 0.999). However, methylation of at least one gene involved in DNA repair (BRCA1, GSTP1, and MGMT ) was significantly associated with increased response to chemotherapy (P = 0.013, n = 70). In the patient group that showed methylation of BRCA1, GSTP1 or MGMT, response rate to chemotherapy was 100% as compared with the response rate of 62.7% for patients not showing methylation of one of these genes. Because the majority of the tumors in the DNA repair group have BRCA1 methylated (85%) subsequent to the analysis described, we examined whether methylation of BRCA1 was associated with response, and it was of borderline significance (P = 0.049, n = 70). The pattern identified by unsupervised gene shaving, pattern 1 (representing the frequency of methylation of the group of genes identified), was independent of response to chemotherapy (P = 0.294, n = 70). Partially supervised gene shaving was used to find patterns that associate with response to chemotherapy. A single pattern was identified that included 10 genes, BRCA1, GSTP1, RASSF1A, PTEN, SFRP1, TMS1, HIC1, MINT25, DCR1, and OPCML. Pattern identification ceased after this as the next cluster identified <5% of the equivalent full PCA solution. Based on a permutation test, the pattern identified was unlikely to have occurred by chance (P = 0.005); however, the pattern did not significantly associate with response to chemotherapy (P = 0.078, n = 70) using logistic regression.
Methylation status is associated with DNMT3b6 genotype. The À149 C>T polymorphism in the promoter region of the DNMT3b6 isoform of the de novo DNA methyltransferase DNMT3b has previously been suggested to affect transcription levels of this gene (16) . Furthermore, this polymorphism has previously been associated with increased risk of lung cancer and poor overall survival of head and neck squamous cell carcinoma (15) (16) (17) . We have determined the genotype of the À149 polymorphism in 56 ovarian tumors that have been characterized for CpG island methylation. Due to limitations on ethical approval and amounts of DNA available, we were only able to do this on a subset of the tumors examined for methylation. So far, this is the only gene polymorphism in the DNMT family of genes we have examined. The frequency of the three genotypes in 58 samples is 16:30:12 (CC:CT:TT), which is in Hardy-Weinberg equilibrium, suggesting that this polymorphism does not alter the risk of developing ovarian cancer. As shown in Fig. 3 , there is a significantly higher frequency of methylation at the CpG island examined in tumors with a CC genotype than in tumors with a T allele (TC or TT genotype; Mann-Whitney, P = 0.04, n = 56).
Discussion
In this study, we analyzed the methylation frequencies of CpG islands at 24 genes in late-stage ovarian tumors. The analysis focused on genes that are involved in cellular responses to DNA damage, including genes involved in DNA repair, cell cycle control, and apoptosis signaling, as well as genes that can frequently become methylated in ovarian tumors. Previous studies had reported similar methylation frequencies in ovarian tumors for BRCA1 (5, 27) (32), and SOCS-3 (33). Differing methylation frequencies had been reported for FANCF, OPCML, and TMS1, for which we observed methylation in 0%, 33.3%, and 5.2% of the late-stage ovarian tumors, respectively. Methylation of FANCF had been reported in 21% of ovarian tumors (34) , but a considerably higher number of PCR cycles had been used in that study, which may explain the discrepancy, and some of the tumors in previous studies may represent germ cell tumors rather than epithelial ovarian tumors (35) (36) (37) (38) . A previous study reported methylation of TMS1 in 19% of ovarian tumors but methylation frequencies varied between different tumor histologies and stages (28) . This can, in part, explain the observed overall difference in methylation frequency because the proportions of the various histologies and stages in this study are different from the previous study. In agreement with the previous study, we observed TMS1 methylation more frequently in clear cell ovarian tumors (100%). Methylation of OPCML had been observed in 83% of ovarian tumors (4), but tumor stage had not been indicated in that study. We observed higher OPCML methylation frequencies in borderline as well as early-stage tumors than in late-stage tumors; 5 therefore, different fractions of stages could possibly explain the observed differences in methylation frequencies. Another possible explanation could be that the OPCML methylation frequencies vary between different histologies and that the observed overall differences in methylation are due to different proportions of histologies.
For comparison with response, we grouped genes according to their functions or methylation clusters. The grouping of genes according to function is inevitably an oversimplification, but was decided before the analysis. Methylation of at least one gene involved in DNA repair or detoxification (BRCA1, GSTP1, or MGMT) was associated with higher response to chemotherapy (P = 0.013). MLH1 was not included in the ''repair'' group because although involved in repair of replication errors, it is not involved in repair of DNA damage induced by chemotherapeutic drugs. Indeed, lack of MLH1, rather than giving hypersensitivity due to lack of DNA damage repair, leads to DNA damage tolerance due to loss of engagement of an apoptotic response (39) . MLH1 was therefore included in the ''apoptosis'' genes. The DNA repair enzyme MGMT removes mutagenic alkyl groups from the O 6 position of guanine, which could otherwise lead to G!A transitions after DNA replication (40) . Methylation of a CpG island in the MGMT promoter is an independent predictor of longer survival for glioblastoma patients treated with a methylating agent (temozolomide), in addition to radiation, in a prospective study (41) . Hypermethylation of the MGMT promoter also correlated with increased survival of patients with diffuse large B-cell lymphoma after chemotherapy which included cyclophosphamide (42) . Glutathione-S-transferase (GST) proteins catalyze the conjugation of glutathione to a variety of electrophilic substrates, thereby enhancing the cell's ability to metabolize these potentially toxic substances and prevent the accumulation of compounds that can damage the DNA (43) . Thus, loss of GSTP1 expression cold lead to increased sensitivity to drugs, although there have been no studies thus far examining methylation of GSTP1 and clinical chemosensitivity. Several in vitro studies show the relevance of the integrity of the BRCA1 pathway for tumor response to chemotherapy. It has been shown that BRCA1 deficiency is linked to sensitivity to cisplatin and other DNA damaging agents (44, 45) , although the need for further clinical studies of BRCA1 and response to chemotherapy has recently been highlighted (46) . The current study is a retrospective study of a group of patients that have not all had the same chemotherapy. It will be important to confirm the observations and hypothesis generated in the present study in a prospective study of a more defined patient population. Such a study is currently under way through the Scottish Gynaecological Clinical Trials Group.
The mechanism underlying aberrant methylation of genes in cancer remains uncertain. Altered expression of the DNMT enzymes is a possible mechanism for the dysregulation of DNA methylation seen in tumors. DNMT3a and 3b could be thought to represent better candidates for causing the increased CpG island methylation observed in cancer cells due to their de novo methylation capability (15) . However, conflicting studies indicating increased expression (23) or the absence of increased expression (22) of DNMT3a and 3b in tumor samples have been reported. Because genetic inactivation of DNMT1 and DNMT3b can lead to reversal of methylation in tumor cells (47) , together with mutations in DNMT3b affecting expression and function of the protein (14, 16), we have examined association between a promoter polymorphism in DNMT3b6 and frequency of gene methylation in the 24 genes examined. This particular polymorphism was chosen because previous studies had shown associations with increased risk of lung cancer and poor overall survival of head and neck squamous cell carcinoma (15) (16) (17) . Previous studies have shown an increased risk for both the CT and TT genotypes compared with the CC genotype at this polymorphic site (16) . The T allele has been previously associated with lower DNMT3b6 transcription of this putative de novo DNMT (16) . Based on these previous observations, we have combined the CT and TT genotypes in the analysis for comparison with the CC genotype. Consistent with a role for altered DNMT3b6 expression in aberrant methylation, we observe reduced frequency of methylation in the 24 genes examined in stage III/IV ovarian tumors in the presence of at least one T allele. Although we see an apparent association with overall methylation frequency, we do not observe any association with the concordant methylation. Thus, tumors with methylation of any one of the genes in the concordant methylation pattern (Fig. 2) are not related to DNMT3b6 polymorphism (P = 0.921). This is a relatively small hypothesisgenerating study and the potential association between DNMT polymorphisms and methylation or clinical outcome is currently being examined in a much larger sample collection from the SCOTROC1 clinical trial (18) .
Concordant methylation of genes has been observed in colon and gastric tumors, leading to the concept of some tumors having a CpG island methylator phenotype (6) , and it has been postulated that genetic aberrations could pose one possible explanation for this phenotype (7) . In epithelial ovarian cancer, previous studies have suggested two comethylated groups of genes (5): one group characterized by concordant methylation of HIC1, MINT25, MINT31, and p73, and the second group by methylation of BRCA1, which was negatively concordantly methylated with the first group. Recently, the concept of a CpG island methylator phenotype as characterized by concordant methylation of genes has been questioned (8) . To examine concordant methylation in the current study, we have used a bioinformatics approach, gene shaving (26) , which provides an objective approach to identify coherent patterns of methylation. We have identified concordant positive methylation between six CpG islands for OPCML1, DCR1, RASSF1A, MINT25, HIC1, and SFRP1, although CpG islands examined may have been falsely excluded from this grouping if methylation was infrequent due to the limitations of the gene shaving algorithm. Thus, we have identified a methylation pattern which may represent a nonrandom process whereby certain genes tend to be concordantly methylated, supporting the hypothesis that there is an underlying biological mechanism giving rise to comethylation of these genes. This pattern is independent of response to chemotherapy, histology, and age. Together these observations support the concept of a CpG island methylator phenotype in ovarian cancer.
